Genetics of hydrogenase from aerobic lithoautotrophic bacteria.
Aerobic facultatively autotrophic hydrogen bacteria are distinguished on the basis of their hydrogen-oxidizing enzyme system (Hox). The major group, represented by Paracoccus denitrificans and Pseudomonas facilis, contains a membrane-bound, electron transport-coupled protein. Species of Nocardia are characterized by the possession of a cytoplasmic NAD-dependent hydrogenase. Both enzymes are present in strains of Alcaligenes. All hydrogenases from lithoautotrophs are H2-consuming nickel-iron-sulfur proteins. Despite these common characteristics, hydrogenases differ in catalytic and molecular properties, in particular in the regulation of enzyme synthesis. Hydrogenase formation is either inducible by H2 (e.g. P. denitrificans strain F1, Alcaligenes hydrogenophilus) or subject to derepression in response to the supply of reductant, temperature, and oxygen (e.g. Alcaligenes eutrophus). The only plasmid-encoded Hox function has been conclusively identified in species of Alcaligenes. Structural and regulatory hox genes reside on megaplasmids, ranging in size between 400 and 500 kilobase pairs (kb). Most of the plasmids are self-transmissible by conjugation. Hox genes of A. eutrophus H16 have been localized by plasmid curing, genetic transfer, molecular cloning and analysis of plasmid deletions and insertions. They seem to be clustered in a DNA sequence of approximately 50 kb, representing several transcriptional units. In addition, a chromosomally encoded regulatory function is required for the expression of plasmid-linked hox genes. Plasmid pHGl of A. eutrophus H16 has been transferred to the non-lithoautotrophic soil bacterium JMP222. Both hydrogenases are expressed in the new host. The current state of hydrogenase genetics in Alcaligenes is discussed in reference to hydrogenase systems of other lithoautotrophic bacteria.